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...M™he task of maximun use of nitural resources, set forth by the
19th Ccngress of the Party, 1is connected with the execution of large-
acale and complex investigations, the basic aim of which is the imorove-
ment of geographic distridution of industrial establishments, which has
in view &g far as vossible bringing industry close to the sources «f raw
material and fuel.

This directive demands of sclenca & multi-sided study and mastery of
the vast expanses of our XZast and South. Before the Academy of Sciesnces

js laid the task -- on the basis of broadly developed geologlical, gzograpnic,
and =ccnomic invegtigations, carried on together with various offices and
ministries, -- to furnish the scientific foundation of the vrcposed devei-

ovment of the national economy of a number of eastern and sourthern regiuns
of the Soviet Union.

The use of new methods of aerizl investigation for territori:l (air)

route regearch of & locality h:s basically changed the tempo of ivestig-

tive copnersticna®™...

“xcerrt from a speech by 4scademician,

A, N. Nesmcyanov

vrinted in

Vestnik Akademiya FNauk 55GR
Vyp. 3 (Marca), 1953

-------!-ll'
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SUMMARY AND CONCLUSIONS

The Soviets appear to have made ceveral original contributicns in the
field of rhotogrammetry. These are vrebably, in the order of their imvor-
tance, as follows:

1. The develcpment of super wide-angle camere. lenses.

2« The develcpmsnt of efficient smasil-scale napping systems
based on the “differentisted" method, though the method
itself is not an entirely original concent of the Ruzsians.,

3. The ccncept and design of Drobyshev's stereometers.

L4, The "straight-line" method of Romanovekiy.

Major trends in Soviet photograrmetrical nethods as commente ! on more

fully later would seem to be

l.. A recosnition of the importance of the optics, and a

development along those lines possibly exceeding our own,
Af the reports on their lenses are true.

2, The tendency to make the corrections for orientation
mechanically, rather thun by homolog or optical means.,

3. The use of numericsl computations where we tend to
compute by analos, or not to comvute explicitly at all.
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PART I.

A. INTRODUGTION

In any attempt to evaluate photogrammetrical'mapuing procecures in
the U,5.S.R., the fact that vhotogrammetry is & young subjeet which has
not yet reached maturity must be constantly kept in mind. Though vhete-
grammetrical surveys on the ground were made prior to World War I, aerial
photography - at first as an auxiliary aid to the mepy ing of detail by
conventional ground methods - becane a‘maJor tool of the map mak:r much
later,

Only in the last twenty years have povernments Tully recognized that
mapping programs, to be efficiently completed, must utilize seri:l photog.
raphy. Furthermore, it has ocnly been in this periocd that phetogrammetrs -
cal theory, technijues and vrocedures have been develcped to the point
where it has been possible to organl e photogrammetrical survey .paratione
in a rationzl and economical manner suitable for mapping vast arcns.

It would seem dancercus to assune from the fact thrt techni: ues and
procedures differ from countr;y to country and vary in accurecry that thie
is due to the technical superiority of one country cver anothsr. Technj-
cal superiority may exist, but in th: main the organization of photocsram-
metry and the devel>pment of different techniques and vrocedures in dif-
ferent countries wonuld seen —ergely to depend on their mping ne=ds and
whether these can be realized in & reasonably short time. These in turn
will devend to a great extent on the sizes of the countries and the den-
sitles of their populations and, to & lesser extent, on their prolitical

structure and industrial stability.

1
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A good 1llﬁstration of this varicstion in practice is the diff=rence
between Western Zuropean and american photogrammetrical practice. " ince
Western Surcpe consists of a mumber of comparatively sm:ll countrjz=s, each
fgirly adequately mapred before the ~dvent of aerial photogrammetry, the
offort there has been largely in the develcpment of techniiues, procedures
and instruments of greater and greater accuracy and for the utili-ation
of vhotogramnetry for mapping on larger and larger scales. In the U.S.A.
the effort hos been devoted more to reaching an acceptable accuracy for
the mapping of large unmapped areas on comparatively smaller ccal=s with
the emphasis on speed and econony of operatiocn.

Moreover, the money aporopriations for mapping‘comparable ar:as and
the number of vroperly trained and exverisnced vhotogrammetrists ver unit
of area is hirher in Zurope than in serica because of the over-all ereater
density of vopulation. This does not necessarily imply that the competency
of American photogremmetrists as a whole is lower than in Zurcpe, only
that it must be spread ovt thinner. Furthermore this justifies, and to
& certain extent enforces, ths developnent of techninues and procedurses
which can utilize comparntively unskilled 1abér in man;- of the phiotogramn-
metrical operations.

Until quite recently, beczuse of the lack of a true nypprecintion of
these underlying cruses, Zurcpean photogrermetrists hove consideed their
technicsl competence as being superior to that of their counterp:rts in
the U.S.%i. . But thouzh the nverage Furopean photogramaetrist may be
better trained than tha averige American photogremnetrist in the theoreti-
£21 aspecte of the subject, the more broad-minded Furopsans are aow ready
to admit, from the vracticul standpoint of competency, that American
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photogrammetry is on & par with that in BEurope concsidering the different
. maeping rejuirements in each region.

Overall mappring requirements and conditions in the U.S5.Z,.R. are much
more comparable to those in the U,S.A. than to those in Western furope,
However, the.area of the U.5.S.R. - over eight and one-h2lf million square
miles - is approximafely twice that of the U.S.A. and the populaiion, on
the other hand estimated at the present time to be lecs than 200 million,
is not very much larger than the vopulation of the U,S.... Thus, if there
is any validity in the foregcing arsument one night expect to fiad (a) fewer
competent photogrammetrists per unit area in the U.Z. .1. then ia the U.3...,
(v) that standard mapping scales are on the whole smaller, (c) that accuracy
specifications ~rz less strict, and (d) that the techniiues and nrocedurse

- and instruments that have been developed r~re cruder and more easly handled
by thoce not fully acqwu:inted with photogrammetrical theory.

In many respect these conditions appear to have baen troe 1w until
recently, though arain as in the case of the comparison betwean lestern
Europe and the U.S.i. this does not in itself reflect on the over-all cone.
petency of the photogrammetric profession in £he U.S.E.R. Indeec one gets
the impression that photogramnetrical cperations in Ru:sia are extremely
well organized and that the fucilitiss for tralning in the theory and
practice of photogrammetry arc considerably better than in the U.:.4.
Furthermore there seems to be no doubt that that with the 2id of ohoto-
grammetry the U.S,5,B. in recent vears has had an enornously grester out-
put of topographicel mapping than the U.S.4A.

The reason for this state of affairs would s-em to be fairly obvious,

- : The great period of industrial expanuion in the U.S.A. took vlace before
AN
N R . s
' B at rn
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the advent of vhotogrammetry, whersas in the U.S5.5.3. t is at ity neight.
Consequently in the U.S.S.R. there is an urgent and vressing need for maps
not only for military but for economic purposes. These needs cannot but
ba heeded by the Soviet government. In the U,S..., though the n=ard for
the completion of a national map is fully recognized, i%c urgency is not
so apparent. Thus, the budretary allowance for civilian mapping n pro-
"portion to other budpetary needs is probably.far greater in the U.5...2.
than in the U.S.4.

In spite of this it can be reasonably inferred from the material re-
viewed that the supvly of precision instruments and trained versonnel has
not been sufficient for the demand in the U,:.5.R. vp to the pres:nt.
Craphical methods seen to be still widely employed and the instruvotions
for mapping are apparently directed toward personnel not fully irained or
highly experienced. sSome of the mapplng apparently is still dore by plane
table on the ground (Siberia). Much of the actual phctogrammetry is ac-
complished with the use cf gravhles approximating instruments. :zlso,
photogravhic materials and their procecsinz do not seem to be ag ;vod in
the U.9.5.R. as in either Zurcpe or the U.3.4,

The outstanding exéeption to this situation would appear to te in
the ndvances the Soviets have made in the design and producticn of wide-
angle aerial comera lences. 'Thece would appear to be of very high -uality
in regard to the evenness of resolution and in the smallness of their dis-
tortion. One hrs, of courze, to treat the claims about these lerzes with
conﬁiderable-scepticism until samples are available for testing 'n this

country.
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B, ISTORICAL DEVILOPYL I OF PHOTQGRAMMSTRY IN THS U.5.8. R,

It is difficult to determine how far Soviet photogrammetry has de-
velopzd indevendently from that of Western Zurope ond that of the U,3.A.
This is because of the provagands line that alwuys appeirs in anv histori-
.cal accounts of developments in the U.J.3.R. .

This propaganda hasg noticeably increassd since the end of World far
1I. TFor instance, Veselovsikiy in his book published in 1945(1), is quite
frank: in stating thot stereo-photegrammetric instrumerts of foreign make
have been used almogt exclusively uﬁ to the time of writing, Skiridov,
however, in his book oublizihed in 1951(2), though appurently well versed
in foreign methods and instruments, goes to great pains to claim vriority
in develovment for almost everything connected with photogrammet~y. In
his ®short historical review.of gerial ceele photogrammeiry in ‘le U.i.. ..M
(pase 6-11 of his book) there ere some illuminating comnents.

It is stated thet in 1925 that the stereo-plancgraprh wes in roduced
in the U.Z,S.¥, though at this voint he does not mention the Zei s Cormpeny
who were its originctors. According to the writer its potentinlities were
immediately recognized in the U.3.$,R., far more so0 in fact then in the
country of its origin,

192€ is given ac the datwe when the first Soviet tresatise on the sn-
alysis of the exterior orientation of & single aerial “hotograph was vub-
lished. This wau written by i, G. Kell'(g) and skiridev considers it to
be the originzl tre=tiie un ihe subject. Nevertheles, this particular
and fundamental oroblem h:d been comyrehensively analyuzed long before,
netably by Finsterwalder in Germany in 1897, by Roucsilhes in Franse in

1917 and by lcCaw in Great Britailn in 1922,

Approved For Release 1999/09/01 : TIA-RDP79-00202A000100070001-9
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In 1928 Skiridov hinself publicshed an analytical solution of the
problem, equally fundamental, of the relative orientation betwea: shoto-
graphs and the msans tﬁua provided for spatial photo-triangulation. How-
ever he was precadad in this, for =zccording to O. VonGruber, the theora-
tical foundation was laid by Finsterwalder as early as 1899 and wractice
applications of the theory were suggested by other German and Freach sci.
entlsts befora the first worid war. Certainly a thoroughly practical
method was in existence before 1928, for instance in the work of H. G,
Fourcade published in the Transactions of the Royal Socisty of Scuth
Africa in 1926,

(%)

1930 is the date given when Gapochko started working out a method
6f drawing relief on the aerial photographs themselves with the }elp of
stersoscopes and then reducing it to map foru. An analogous metlkod had
been completely worked out and put into practice in the U.S.iA. ir the
;arly twenties., This was the famous Brock method.

The leading photogrammetrical instirument designsr ln Russia seems
uncoubtedly to have been and to be F. E. Drobyshev. He had, accerding to
Veselovsgiy, designsd a nine-lens camera in 1931, It would appesr that
the most original photogrammetric instrument that the Russians heove been
able to develop has been his stereomster. He started to work on thig in
1931 and the first instrument was completed in 1934(5’ b 7). However,
1t is worth noting that the instrument 4id not come into general use
until after World War II. From a mechanical point of view as notad later
in this report the principle features of the stersometer, of which thers

have bsen several versions, icr that both photographs in the instraanents

ere naintained in co-plansr relationshis at all times regardless of the

AET
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tilts which may have existed at the time of exposurs; that the line of
sight of the optical viewing system is kept perpendicular to the jlane of
the photographs at all times and that by means of ingenious mechanical
devices parallaxes are obtained from coordinzte movements of the rhoto-
graphs in their common plane, No comparable instruments are produced in
thig country or in Western Europe though in the last analysis the instru-
ments do not perform nny task that some European and American instruments
do net also perform.

The claims that the Sovieits were the first to produce satisfuctory
wide-angle aerial camera lenses may be true. This devzlopment wa- dﬁe to
the work of if, M., Rusinov who produced in 1931(8) the "Liar objec:ive®
with an angular field of view of 100°, In this connection it shomld be
noted that Skiridov states with »rids that the later super-wide-aagle
objective "Russar" with a field of visw of 122° has no counterparss out-~
side Russia,

In 1936 undsr the leadership of M. D. Konshin and G. V. Romanovskiy
thers were dsveloped methods and procedurses for mapping from aeriil pho-
tographs on the scales of 1:50,000 and 1:100,000. Romanovskiy also intro-
duced ;t this time the "straight line" method for determining elevations
through a series of near-vertical phctographs (see appendix ). This is
undoubtedly an original technijue. “he principle featurs in thes: mapping
systems is called the "differentiated metﬁod“. It divides the mapping
process into two separate narts; first, the mapping of the planim:try and
second, the plotting of the relief. Great economy is claimed for this
orocadure since it involves sinnlified instrumentation and lower standards

of training for thoss engi2d in the work of applying it. Furtheruore,

Approved For Release 1999/09/01 : CIA-RDP79-00202A000100070001-9
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the procedurz can be stopped without wasted affort in those cases where
relief features are not reguired. ILater in this report the following
comment is made about this method "..,(it) is similar to the Broc': method.
It is the same in basic concept but has been extendsd and improved in some
importaht respects and in a few respscts is not as good... It is ironical
that the only American mappin: method (originating in imarica) - the Brock -
should have been neglected here but taken over by the Russians and shat
one of the better Zurovpsan inventions - the Multiplex - should have been
neglected thers dut take; over by us." Russia also claims to havs devel-
oped further the Multiplex for purposes of aerial triangulation, using
extremely wide-angle field camsras.

In 1938 a method of spatial photo-triangulation based on computing
formulas by Zhukov wag adopted. This approach was one of the sarliest to
be conzidered in Wesiern Zurope but was later abandonsd with the intro-
duction of the universal type of stereo-plotting instrument. It would
seen important then %o note that this approach using sterzo-compzrators
and analytical computations has been given much consideration by the
Soviets in recent years while in Zurupe the emphasis still is éo 2 great
extent on the vurely instrumental or analog solutions. This is especially
interesting because there has been, still more recently, both in ZTurope
and the U.S5.4. =2 re-examination and further development of the analytical
approach, induced by the introduction of electronlc computing devices.

In commenting sbout the most recert developments in photogramnatry
in the U,5.S5.R., Sliiridov mentions the use of a multi-cemera multiplex in

mapping nmountainou:s reglons* and also lays emphasis on the efforts being

# First introduced for =serial surveying by Finland.

I4
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made to determine the position of air stations and camera orienta‘ions at
the time of exposure b& means of statescopes and mechanical pilot:... Final-
ly it is briefly mentioned tbat'pOsitiOn location by means of radir has
bezun to be used. Howsver, there is gd eslaboration of this statement in

the material undar review.

PART II.

SOVIBT METHCDS AND PROCEDURZES
A, MAPPING SCALES AND PROCZDURED

According to Veselovskiy(l). in 1945 original surveys and map compl-
lations were being made from air pho%ographs on six differeant scales,
panely: 1:10,000, 1:25,000, 1:50,000, 1:100,000, 1:200,000, 1:50(,000.

The scale of 1:100,000 was the basic maping scale with 20-meter contour
intervals in flat country and 40-meters in nmountainous regibns. The
‘larger scales were used in hishly developed areas and for special purpose
maps. Ths smaller scales were used for reconnaissance maps in undeveloped
and unexplored areas.

Howevar, by 1951 according to Skiridov(z), the decision had been made
to map the country on a basic scule of 1:25,000 with selected areas’to be
£1lled in with sezles varying from 1:2,000 to 1:10,000. This mirht be
téken to mean that %he enorimous task of completing the 1:100,000 scale
map of the country had already been effected. From other sources it does
appear that a great deal of mapping on the scale of 1:100,000 ha . already
been accomplishad., It, however, seens incoanceivabls that mappin; on this

scals is anrthing like completed, 1f one congiders the area invoivad and

- .
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the fact that the mapping of the U.S.A. on a comparable scale (1 mile to
the inch) is not by any means finish2d. One is, therefors, inclined to
believe that except in highly develdped areas, photograummetrical proced-
ures will contlinue to be direscted tdwards mapping on the scale of 1:100,000
for many years to coms, Zvidence to this effect is containesd in the ex-
.tremely comprehensive and detniled instructions contained in Part II of

the Instructiong for Tovographic Surveys on 1 e<§calgﬁq£rl:;QQLQCO(g).*

This manual which deals with photogrammetric compilations was first pub-

lished in 1942 and has been revised'in 1950 to include many new yprocedurss,

In 1945 Veselovskly also stated that the methods of compiling maps

‘ on & scale of 1:100,000 were not regardsd as firmly established. This is

certainly borne out in the second edition of the "Instructions®" which is
replete with alternative procedures for undertaking identical operations.
Moreover, these reveal a tremendous effort to take care of all contingen-
cles and to ma2ke it ponsible to use persoanel not fully trained in photo-
grammetrical theory by relieving them of troublesome decisions whan unex-
pected technical difficulties arise. In several cuses, for instance, the
Instructions insist that when a certoiin procedure does not realizs the
rejuired nccuracy that the work must then be handed over for its solution
to the "Chief of the Brignde" or, in specinl cases, to the "Chief of the
Department™.

A certain amount of freedom appears to be given to the local survey
supervisor on the methods to be employed in mavping any particular small
region. Guiding considerations in general are that imn areas with differ-.

ences of elevations of less than 300 meters per photograph the manz should

s -
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be compiled from photo-maps or controlled mosaicsg on which have besn drawn
- contour lines obtained stereoscopically. In mountainous areas ¢n the
other hand the contours are to be drawn directly on the map fror asrial
photographs by means of =z stereoscopic plotting instrument, the photo-
graphs having already been adequately controlled.
| Within this general framework the detailed alternativse nrocadures
aré mumerous and it would seem that the guiding rule is to choosa the mors
approximate method, provided the necessary accuracy is obtainabla, because
it 1s generally the simplest and rejuires less instrumentation, Further-
more, it is evident that the locel survey organizations do nct have a
free selaection of instrumental syuipment and must ofien make shit with
what is supplisd them. This is still another indication of the .ack of
standardization and of the shortaze of the most up-to-date equipnent,

In order to obtain & definite tlcture of the great variety f oro-
cedures given in the "Instructions" the genarel subjects discussed therein
are summarized below. Detailed comments mey be found in Appendix 1I.

The point is made in the introduction to the Instructions that the
newer alternative procedurss can be introduced without disrupting the
technological program as a whole, Actually, the new procedures which were
introduced in the second edition include the methods which utilire stato-
scope recordings in spatial photo-triangulation, the use of a mltiplex
for extending control, the use of the (RP-6) stereoscopic drawing appara-
tus and the transference by means of a single multiplex orojector of de-
tail from the photograph to the map. Thus it will be seen that thae inno-
vations are considerable and that there avpears to 53 A trend towards

using methods which are more comparable to those in use in Burcope and the

¥
LI -
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U.S.A., though the better features of the "differentiasted nethod" are
maintained.

‘However, 1t would seem likely that those in command of photogramme-
trical operations and coafronted with the policy decision of changing the
basic mapping scale from 1:100,000 to 1:25,000 mast be faced with formidablae
problems of reorganization. Many of the more arproximate and si:vle
methods will have to be renlaced b& those which are more theoretically
correct and therefore more precitce. They must have on their hands, if
the accounts of the vast amount of mapping that has already been achieved
are correct, a great number of people well trained and experienced in the
simpler methods. These must be retrained. Such a reorganization of
methcd and retraining of personnel cannot be done overright with efficlency
and without disrupting the general mapping program. It appears that the
Soviet$ are attacking these problems sensibly and introducing th¢ new

techniiues by degrees and as alternatives to the older procedure::,

oS g 'E
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APPERDIX 1

Comments and Discussion_ 25X1A5a1

on the Soviet book entitled,

Nastavleniye po topograficheskoy a"yemke v masshtabe 1:100,000, Chast! II,
Fotogrammetricheskiye raboty.

(Instructions for Mopographic Surveys on a 1:100,000 tcale, Part II,
Photogrammetric Operations)

Second Edition, CGUGK, 1950.

Note: Paragraphs and itemized numerations are identieal with th:.ce in the

original text,

I. Introduction (No comment)

II. Compilation of Pheoto-Mans and Controlled Mosalcs

A, Compilation of the base horizontal control sheet

1. Where differences of elevation are more than 100 neters per
photograph,

2, For mountainous country in which case the nadir point or
its approximaticn must f;rst be determined,

Varicus alternatives and procedures are discugssed for undertak-
1ng this part of the operation depending to a large extent on the svaila-
bility of ground control points. In general, ths netwcrk of control is
built up by radial line intersecticns using principle voint base lines or
nadir point base lines as conditions rejuire. However, none of the alter-
native; uses the slotted template technique. At this stage specirl pointsg
are chogen and thelr horizontel positions determined for the rurpose of

photco-rectificetion which is tha next step,

.-
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B. Rectification ¢f Individual Photogrephs

Different instructions are given for this oper:tion depending
on the type of photo-rectifier available. If the range in elevaticn per
phetograph exceeds 100 meters & separate rectification is made for each
elevation zone or, when convenient, rectification is made to a slaated
plane which represents an avernge reference plane for the area. The method
of rectification in each case must be by the trial and errer methed using

the points which have been previously gselected for rectification yurposes.

C. Mounting the Photo-map with the iid of the Horizontal C ntrcl Sheet

D. Preparation of Controlled Mogaics

The distinction beiween a photc-map and 2 controlled mosalc is
not clear here becauce anvarently in both cace, the phctographs mist be

rectified.

v

III. Stereo-Photogrammetric MNethods for the Determinetion of Elevstions
and the Representction «f Relief.

Six alternative procedures are given in detail in thie section.

A, e Method of the Centrnl _cientific Resesrch Institute _of

———

Geodesy, Aerial-Surveying ~nd Cartography

This consists of the following nine, separate steps:

1. Preliminary planning, jdantification and selection of points
to be used, etc. ’

2. Determination cf the elements of relative orientaticn.
3. Determination of x parallaxes and air-base lengths.

4, Extension of the horizontel control network.
5

. Determination ¢f the corrections to be intreduced into the
snitizl values of relntive orientation.

Lo .
- A
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6, Determination of the elevetions of the sir-station..

7. Determinati.n ¢f differences in the clevaticns of selected
pointe In the area,

8. Absolute orientation of the flight lines and the photogran-
metric determinations of the absolute altitudes of roints
in the terrain.

9. Adjustment of the whole network including the elemcnts of
. orientetion,

Relative crienta‘ion is done either on & stereometer or on a
stereoccmparator; in the latter case more computation is involvec. A
simplified method of extendin:; control is allowable if the numbe: of sir-
bases between control points does not exceed six and provided the tilts
of the photographs of the phoiographs are w;ll within » limit of three
degrees.

In the extension of horizoatal control the ncdir points sre

computed whereas the pass voints are obtained graphically,

B. This methcd is essentially the sanme as 4 except that reliance
1s rlaced on a preliminary analysis of statoscope reccrdings taken during
the flight and which enable the relative heights of the sir-stations to

be determined.

C. 1In this alternative the wide-angle multiplex is used throughout,
When the stage is reachsd for absclute orientation if the closging errors
in elevation are small they zre adjusted grapvhically. However, if the

elevation errors exceed 5 mm. on the scale of plot, co wuitation i3 introduced.

D. This is the same as C except thot statcscope recordings are

utilized. Apparently the multiplex wide-sangle method is uswally =mployed
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for what are called "main flizht lines", Thege appear to be thise which
have at leact throe ground determined elevation contrcl points zad one

horizontal point at each end.

E. This method introduces the "straight-line method" for determin.
ing elevations which apparently doe: not rejuire rreli-inary rel:itive |
orientation of the photographs and enables verticnl control to bs extended
along strips and ecrcas overlapping strips. It is not used when the ralinf

exceeds 100 meters per vhotcgraph,

F. This method uses the stereomater for extending the ver:iicel con-
trel. As in B it is only used when relief does not exceed 100 maters per
photograph. 1In using the stereometer for this purpose, twe difforant
procedures are described in d=tail.

IV, Sketching Centour Lines with the 2id ¢cf Simple “‘eregscome: Javing
Wide Fields of View

It is remarkable that fully automatic vlotting instruments zre not
used aﬁd that the contour lines are sketched as a rule cn the phctograrhs,
When additional verticzl control is needed it is obtained by menns of
simple parallactic rules, OF course, as is noted in the Instructions,
controlled mosaics and vhoto-maps which have been rectified by zZones can-
net be used in this procasdure. Imphsisis is boased on the correct interpre-
tation of the landccave by meens of these interpolated contour lines eg-
recially from the ¢eomorphological point of view and the vhutogra-hs
apparently are invariably also interpreted on the ground by field survey
parties who utiligs extra prints for this purpose,

A. Instructions are intrcduced here for the use of Jrobysh v's
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topographic sterecmeter., With this instrument the orientation of & pair
of photographs can be effected, provided there are at least four zlevation

control points in the stereoscepic model.

V. Compilation of the Base Mapg

Several methods are described. One is a visual transference of the
material from the contact print to the phcto-map, Annther ig to transfar
the map data by means of a speciel stereoscope having varicrble m.gnifica-
tion so that photographic imaze: and the vheto plans may be seen stereo-
‘scopically at the same time. The contour lines are then drswn iu by hand
.on the photc plan. In mountainous country a single multiplex projector
1s used for transferring contour linss and other details which hiwve been
drawn on ihe photographs to the base mup. This involves raising or lower-
ing the projector &s the work proceeds in order to edjust for sc:ls varia-
tion. Finally if the multiplex projector is not available and a photo-
rectifier projector has to be used scale adjuctments are computed by

special formulag,

VI. Compilation of a topcgranhic mop with the hel: of . sterecsconic

g;awing instrument.

Thiz is the one and only case in the Instructionc where the contcur

lines ‘=nd planimetric details are drewm directly from the photogravhs onto
the map. The inutrumsnt, (RP-6), is Juite simple and is virtuslly a
stereoiscopic cumera lueidn. The chbrerver sees the plactic imi.ge of the

landscape and at the same time the point of the plotting pencil.

LA S
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APPENDIX II.
(y

Review of Fotogrammetriya (Photogrammetry), by N, M. Veselovekly

Published in Moscew in 1945 by the Ceodetic and Cartograchic Literature
Publishing House at the Council of Peovles Commissars of the U.3.S5.1.

Hote: The reviewer has no familiarity with the Russian langusie, He has,
however, in addition to a photostat copy ¢f the criginnl text been
provided with an unedited trauslation of the very detailed table
of contents and selected text rassages of seeming importance-,

1) Scope of 3uolk

The ain of the book is Lo give a rather full account of photo-~
grammetric thzory and contemporary Russian vractice. In the auihor's
introductory note however, he states tha’ certain brodvlems have rnot dbeen
dealt with fully or at all., These include methods for determinirs exterisr
orientation duriag flight, ~nd film distortion and its influence -n the
precision of photogrimmetrical procsusas,

The book was published at the and of the war with Jermany ~nl wep
based on a serles of lecturss which wers prooably givan in wortisi:. Asg
such, it is a praise-wcrthy effort, as good if not better ia its rgani-
zation nnd cor pleteness as the first adition of the Manunl of Phosogram-
netry, published by the Aneric.n ociet: of Fhotogriaametry «t abo it the
same tins (1944). The bocit is perhaps more comparabls Lo the Pro sssional
Papers of the British iir Jurvay Comnittee which wers published over o
period of abeut twelve yecrs sterting in 1925. In this reviewsr', oupiation,
the presentaticn of the geometry and mathematics of photogrammstr:: ig

better balanced and mors complete than that in any of the cont=myorary

L 4
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textbooks on photogrammetry written in Fnzlish for student consumption
and this includes those by Hotine and Hart in Great Sritain and T:=lley
and Bagley in the U.5.i. Much more attention is paid to the problems of
error accuiulation. Neverthelsss, the methods for adjusting aerilel tri-
angulation would seem %0 be not fully developedbtheoretically and compar-
able to thoses sugrested by Hotine in Professional Paper bf the Alr Survey
C.om:aittee, No. 7. (Briiish)

There is, of courss, evidence of national bilag in the book. iuch of
the photogrammairic development, deseribed as being orizinsl in the U.s.5.t.,
apuears to have been copied in vhole or in part from ths work accomnlished
in other countries.

The book misht hove been more carefully integrated. Gréund nhoto-
gramnetry is discussed at the end and one gets the imprsssion that this
gection was added almost as an afterthought. The spatinl extension of
control is treated juite indepeadently and mach later in the bool than
the methods of extending control horizontally by radial line methods -
there beins interpossed the whole subjsct of photo-rectification ..nd the
making of photo-maps. However, this sesming divorce of the two principel
technijues for extending control is perhops understandable when he general
gystem of producing wmaps on various scnles in Russin is avpreciated, This

1g described towards the end of the book (Chapier 31).

2) Methodg of Mapning on Various Sccles in the U,o.u,R,

Origsinel surveys and map compilations were bein; made in 1045 on
the following scales: 1:10,000, 1:75,000, 1:50,000, 1:100,000, 1:200,000

and 1:500,000. For scales of 1:50,000 and larger, hypsometiry was obtained

o
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almost entirely by ground field parties. In arsas of no great relief

these pariiss were suppiied with photo-mosaics and the process of deter-
mining elevations carriad nlcns at the same time as field checking and
gecoraphical interpretation. Apart from supvulying detail the aerial
photograph was used for susplamenting ground control by means »f horizon-
tal radinl line traverse, In mounbainosus couniry the maps wers -1sually
constructed from the individu~l vhotographs without th: interven ng mosaic.
It is, however, noted that at the time of writing succeucful sxp.rimenis
had been undar$alzen in drawing reliszf features by means of the stsreometers
of Drobyshevw,

Cn the scale of 1:100,000, photographs from multi-len: comerss were
previously used, but because 5f the complicated procedure they w:-re dis-
card=d in favor of single-lens photosraphy taken with wide-angle objectives
having focal lengths of 100 mn.

It is cstated that methods of compiling maps on a scale of 1:100,000
cannot be regarded as firmly establishad and a variety of nethods are
described, some suitable for Ilat country and so:e for mountainoi.: country.
Ip all methods great reliance is placed on ground field work con isting
mainly of tachyomeirical traverse§ for tying in local radial line zerial
trian-alations. In flat couniry thsse traverses ars run perveadicularly
to the flight lines and spaced about four stereoscopic pairs apart. In
mountainous country, spatial vhoto-triangulation is often used for eleve.-
tion control, but this procedure apparently doss not aliogether eliminate
the usuallﬁorizontal radi~l line traverses and thair control.by L round
traverse or plans table survsy. Discontinuous form lines are often slzetchad
on the photographs with the uid of simple stercoszcopes and adjustad later

to ths proper contowr intervel in the field.
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lethods for the conpilation of meps on 1:200,000 scale fromw nerial
photographs are less developed than for the larger sesles. It is coneluded
that the basic method for commiling Planimetry should consist in nssenbling
uncontrolled mosaics from sincls-lens photography, the :cale being obtainad,
apparently, largely from novigetioncl data, (Thi: stuwbement ic the reviaw-
er's own intergretation of wh=t in the translation appears to be a rathar
involved procadure,) Hethods for obtaining relief -ppear to be similar
to those employed for the 1:120,000 scale. The need for geograpiic inter-
Prevation and generalization is stressad.

To methods of utilizing aerial photographs for the 1:500,000 scalae

maps had been woriksd out in 1945, and the author statss this us axtrenely

glons in the U.S.3.R. However, = gchens devending on the coustriction of
a special four lens camera is givan, which would appear to be ba.lecally
sounder than the trimetrogon systenm. 411 four objectives hava their optical
axss parallel; one is for veriical phetography, two, luteral‘obliques and
one for forward and rearward »ointing oblijues., The field of viiw ig de-
flected onto a commor film base by means of prisms in the cnss oF the
oblijue photograph. In order to bring the scnles of the oblitues more
nearly to that of the vertical photoszraph the focal length for the vertical
picture is 100 mm, while that for the oblijues is 150 mm. Ths phobtograyvhy
1n ths direction of the line of flight is used to increage the arecision
in realative orientation and longitudinl t1lt (x £ilt).

Alrcraft 1s used at speeds wp to 400 km an hour for tie-saving pur-
roses and flicht lines ars up t0 100 km in length. A a geneval vractice,

spatial trianmalation is used for obtainings 2levation:, bridging being
E 3 &
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contemplated up to 22 im when elevation tolerances of 20 meters ire acceph-
able, and wp to 9C ki if the tolerances are 40 neters, A parallictic grid
stereoacopé is used for relief interpretation. The aporoximate nd so- -
called "straight-line method" of control extension is used in fl:t rezicns
and a specially desisn=d rectifyings printer is supplied to aid in the
transfer of planimetric detail to the map,

It is of importance and sreat interest to discover whether “his tyve
of reconn~issance mapyins has by now been »ut into routine practiees or
has been abandonad because of unforeseen difficultisc,

To this reviewer the matter of most interest in this sumnar; of
Russian mapping activitizs is that the Russian cartographers in Z945, while
realizing the need for utilizing aerial vhotograrhy to a greater extent
than previously, h-ve nevarthales: developed methods for largsr :cnles
which are dependent on a combination of photogrammetry, ground 7i=ld check-
ing and detailed ground surveyin:. This is verhaps understandabls because
a map is lifeless if it does not reflact a close-up knowledze of the ter-
rain and the humnn activity thereon. In imerica this can largely ve glewued
second-hand fron a more or less literate population, whersas in the U,7., .1,
such ceographical inlimacy nust be obtained first-hand, -0 it mav be sen-
sible to orgenize the mapning activiiias in tha woys describad., Turther-
mors, if this interpretation of thes situation is correct then it Hertially
explaing why the oaly really nsw photogrammetrical instrument dev loped
up to 1945 in the U. .3,R. is Drobyshev'!s stereometer. Thils measirss rec-
tifiad x and y parallaxes and can be used in = comparatively simp’e manner
for crienting pairs of photogr.phs provided the slevations of ot lenst

five points imaged in the ovarlap are lmown.
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In connection with the genernl viewpoint the following broad state-

ments are made (referring to the origmal text).

n. 14, "Developmen® of sterso-photogrammetiric operations in the L.S.5.R.
has besn slow due to lack of instruments chiefly those neczssary Lo pro-
cesging the photogrevhe, Whlie instruments of foreign make hnve prsvious-
ly been used, recently as & result of much worl, exnerimentnl stazes have
been passed through and iastrunznts for mapping on scales of 1:5C,000 and
1:100,000 are beinz poroduced in the U,S.:.R, Hethods combining :round
survay and aerisl photography have baen more developad than any cother and

have baen widely used for marming on scales of 1:10,000 and 1:1:5,300.%

p. 91, "Determination of exterior orientation by photorrammatiry is cne of

the basic problems at the presant moment.™

p. 173, {(After an analysis). "Thus we ses that the precisioans of 2nalyti-
cal and graphical redial line triansulation are close Lo one anothsr but

the former rejuires much more vhotosrammetric processing 2nd compatation.”

p. 278, "Determinntion of =2lements of exterior orientation in flight is

of zreatest importsnce in the develoﬁment of contempor=ry photogr rmetry.
Research work in connectlon with tie application of gyroscopic instruments
ig in progress.‘ If the vertical »osition of the opticanl axis car be es-
tabliched with a precision cf from ten to twenty minutes, rectification
of aerial photogravhs will become unaecessary and will b2 replaced by

brincing them to a predetermined scale.!
¥

v, 296, "Spatial photo-triangulation beconss simpler when it is used in

Ny Faa T -1
R T

¥ sl
T
v
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conjunction with .lane radisl trianlation and when the zlevations are

determined by ordinary (?) methcds,™

P. 309, "Instrumsnts of the universal type such 23 the ~tereoplenigraph

of Zeiss are not popular in ‘he U.S.S.H., and thsir number ig Jreatly
limited because of their low broductivity in exten:ive cartographic wor's.
The use of this type of instrument is restricted to ths compilation of
large scale special purpose maps and for spatial photo-trian;ulation. By
splitting the vhotogrammstric process up into steps a larger productivenenss
is obtained than by the use of the univergal method:, and the nricess
beconmes more economical. It ig therefore widely used in the U5 2 R, for

planinetric mapping vn intermediate snd small scaleg,®

p. 383, "Methods for the revision of old maps by aerial photograzhy are
not sufficiently developed. “hers ecn be no doubt howaver, that this trob-
lem is about to beconms very real 2nd ejual in importance to that of mane

ping unsuryzyed areas."

3) Miscellaneous Inforiation and Uommeny

a) Lenses and ierial Camsras

It is stated that the crsation of a wide-czngle ubjecive
with sufficient 1ight intencity and no appreciabie distortion was congid.
ered by German snd Americnn exnerts to be quite impossiblé. Hevertheless,
the Leningrad Institute of Aerial Photogsraphy started naiing the cttempt
and produced the first seample in 1934, (Liar-6), Thisg hed considereble
optical drawbecizs ; theough ity resclving rower was claired to be gatig-

factory - it hag distortion, chrom-tic and spherical abbersticre, rotignatic:,

D N

-
¥ ow A N
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and bed vignetting effacts. (!) The Russar type of lens was first croduced
in 1936 but its resolving nower vas low. (9-17 lines 2 mm.) However, the
new tyres of Russar lensss are considered satisfactory for small-sonle
aerisl stereoscopic photography. Note that there is no claim that thece
lenses are satisfactory for large scale mapplng. A comparison is made as
shown in the>following table with the Zeiss Topogon much to the latter's

dicadvantage.

Resolving -
Power in
lines to 1 Distortion
Size of mm, at the in .01 =mm
f in Relative Angle o% Photograyh edge of at theedgs
Objective  mm, Averture View in _ in cm, image __of ‘mage
Rusgar -la 100 1:5.3 140 18 x 18 12 £=7
Russar-5 120 1:4.5 104 23 x 23 15 57
Russar-19 100 1:5.3 104 1§ x 18 15 - 20 -7
Russar-22 70 1:8 122 18 x 18 15 - 20 =2
Tafar 200 1:k.5 70 18 x 18 Lo - 60 Les: than 1
Topogon 100 1:6.3 93 18 x 18 20 - 25 25 - 30

In this table the resolving power and distortion of the lenges are glven
only at the edges of tha image. This does not coustitute a fiar compari-
son. The earlisr camerzs bullt by tha Russians ware plegu=d with shutter
trouble. Of historical inter-st is the stotemant that a 9-lens camera

designed by Drobyshev was con:tructed in 1931.

(b) Aircraft for ferial Photegraphy and Yavigztion
A table is given in which are shown the basic char:cteris-

tics of aircraft svailable for serilal photogra?hy in 1945, Of the eix

At
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types mentioned, only one - the P.Z Sesquiplane - had a practical ceiling
of over 16,000 feet. Considerinble attention is given to navigaticn for
aerial photograrhy, an@ apparently course indicator: of the sun ccmpass
tyoe and statoscopes of the llendeleyev type (Finnish?) were in use at the
time of writinge. The preparation ¢f flight cherts from the best wvallable
maps of the regicn bzing flown is stressed and it is stron:ly recommended
that such maps be given additional ervhasis in bright colors, for features
such &s forevts and highway., to facllitete the genersl orientati:n for
the pilot.
(¢) Original Instrumentation and Techniues

It is =vident that up ‘o 1945 the Russians had nct zucceedead
in producing many instrumante which were not more or less copies of foreign
ipnstrumente. A notable excaptiocn is the stereometer of Drcbyshev previcus-
ly mentioned.

Much attention is péid to pﬁotcrectification and very little to the
universal type of stereoscoplc instrument, It is stated that the Zelcs
multiplex is someti-es uced for extending elsvation control and that the
Cenadian grid method has its application in certain parts of Ruscia. The
Brock method of mavcines is briefly described and one surmises thet it has
influenced Fussian thinking to a consideraﬁle extent.

The “tereo-Universal of :kirideov for obtaining relative ori-ntation
je clafmed as an original instrument though it is admitted that it is
similar in concept to Fourcade's stereogoniometer, Th2 topograpihic stereo-
scone of Romanovekiy is very susgestive of the Barr and Stroud topographl-
cal stereoscops. Tha double projactor of Drobychev sesms to be . descend.

ent of Fourcade's double pro/actor described in 1940 in the transactions

s X
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.of the Royal Society of South Africa. Graphics seem well advanced and the
methods cf radial line triangulation described probably have bsen influ-

enced by the Finnish work on this subject.
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APPENDIX III1

General Discussion _ 25X1A5a1

of

Geodeziys, Tom 1X, 1949, Chapter 4
(10)*

"Small Scale Aerial Photography™

by Konchin, M.D., Rusinov, .M., Yutsevick, Yu.K. and Sokolova, N,A.

A. Susmary and Conclusiong

This is a medium-detailed handbook or encycleopedia on mapoing mstheds
and instrumente., The theory appears to be well-developed, and current with
ourg in the maln, except possibly in the error theory., Accumulation of
error is mentioned and formulas are given, but they are simple, :nd I doubt
that careful thecretical error studies have been made. The importance of
errcor accunulation has only recently been realized here, however, so if
the U,5.5.R, is behind in this recpect it is by cnly a year or twc. In
the exferimental investigation of errurs and accurscy ¢fvprimary meisure-
ments they seem to be a little ahend, probabfe errors for the varisus set-
tires and material distorticons being siven. For examole, it is stated that
the error in parallax measurement caused by image moticn has been fougd
experimentally to be 1/20 of the computed amount of motion. No sveh figure
has been measured in the U.5,A. I cannot tell, of cource, how reli ble
their results are, but at least the jmportance of such :uantities is
recognized.

In general the mapping method: used are cruder then ours, using more

graphics and computaticn and fewer advanced instrument.. This zp 2ars to

P -
e
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be due to two things: the mate:ials are not 2s good s cure, snd the gen-
eral run of available instruments is of a lower order of accuracy and pro-
ductivity. The latter may be due to shortage of ;o00d design engineering
or production technitues; the recson is not known, but the stetem:nt is
made once thnt a certain instrument was nct in production duwe to “"tachni-
cal difficulties™. Statements are made, of course, that the Russian instru-
mente ore simpler and therefore better, but this may be discountad. At
any event, most of the instruments are simple -- for examvle, telnccope
optice are not used much in the stereoscope.

The result is, that the graphical methods and use of computation an-
pear to be advanced further than curs. The methods they use for :50,000
and i:lO0,000 maps are similar in structure to the m=thods we use {(in tri-
metrogon work) for 1:500,000 and l:l,OO0,00b. The ofganization o7 the work
is very reminiscent of our Brock method, and is gocd. From th: duverip-
tions given, howevar, the accuracy obtained in 1:5C,000 mapping must be
less than we have in such mips. And the amount of fizld control :nd office
work is greater than we need; They ceem to fly somewhnt lower th:n we do.

The camer::s used are wider angle than ours, =nd on the surface the
lenses appear to be beiter. Tals 1s fictitious, however. The leucas are
rated f/5.6 and f/6.3 but I doubt that tﬁey work at better than £ 8 or
f/11. This is implied by the shutter speeds used: 1/50 to 1/100. A smell
part of the slow shutter speeds may be caused by slow film (proba'ly slower
than ours, gince the rated resolution is 60 l/mm) but most of it rust be
rejuired for small lens stop. Hence the lensese are most likely ;8 or
f/11 lenses, with a large enough cvering so that they can be rated f/5.¢6,
but will not work there. This is conjecture. Complete test data cn resc-
lution and distorticn would be required for a reliable =valuztion.

- N b
NN S

Approved For Release 1999/09/01 “CIA-RDP79-00202A000100070001-9

3



*

\;J‘: «,, T
Approved For Release 1999/09/01 : CIA-RDP79-00202A000100070001-9

One instrument they have would be useful to us: a small rectifying
projector using reduced diapositives; for use where we use the vertical
sketchmaster. The idea is nct new to us, but we have never gottan eround
to making one.

In sumnary, their mapning methcds are ingenicus and theoratically
sound, cruder than ours, almost certalnly le:s accurate and legs efficlent,
with a shortage of good laboratory instrumentation, and a.large nge of
simple mirror stereoscopes rigeed uy to do a little more than our gimplest

Instruments. There is come disagreement between different parts of the

chapter as to whether certain lenses are or are pot in wuroductior..

s .
B, Precis and Discussion

I. Small scale Aerial FPhotogravhy
a, Intrecduction.
Need for aerial masring to replace ground methods: cheaper, 2upecially
in wild areas; possibility of reconnfissance mapping over large areas;
use of less highly trainad vecple. This reads very much like our disecus-

sionc on the same subject.

b, Compilation of maps at 1:50,000 and 1:100,000 secale.

1. Aerial Photogravhy. Wide fields desirable for vrecision ..nd ef-
ficiency, but multi-lens careras complicate processing and not precise
enough, Hence, wide angle lenses used: Russar-1, Russnr-07, Topugon.
Latter discarded for having too much distortion. Russar-l: 100 ¥, 100°
field. Russar-22: 70 mm F, 120° field.

Discucses effect of material and eguipment distortions on parallax

and height messurement. OFf note:

1

o
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Photc-papers shrink 0.3%, a little worse than curs.

Differential film shriniage is O.E%, compared with 0.03%
for ours

Accidental local film.distortion averages .04 mm, comparsd
with about .01 mm for ours,

Glass diapositives, or photo-paper pasted on glass 1s used
for more precise work (1:50,000).

Zmils don resclving power 60 1/mm, serial film.

Resolution of Russar-1: 12-15 1/mm. PRucsar-22 not given.
Anti-vignstting filters sre used.

Statev thit -1l errcre are proportionel to size of vhoto

or camera focal length; therefore using larger ¢ meras
would give no improvement. This is false,

Frame size 180x180 mm. Russar-19 and -la used for 1:50,0:0
maps, Russar-22 for 1:100,000 maps. (But rote statement
later, that Russars above-lf have not been produced).

Photo scrle 1:30,000 for 1:50,000 meps

Photo scale 1:50,000 for 1:100,000 maps. Note that this
means altitude of 3500 meters.

Exterior orientetion records kept:
Statoscope (#2 m. accuracy)

Horizon, through auxiliary camera chambar attached to
camera. Sometimes two., Accuracy + 7 to 10 min.

Level bubble -~ auxiliary indications.
Watch -- gives :ir base to :3% .

Sun photograchs, for angular orientation. Ref, made
to Santoni cam=rsas, no Russian make mention=g.

But: above net all in routine use.

Ixverimsnte in rrogress on raldic sltimetry (intarference)
and gyroscove tilt determination.

PR
Ve dwr L .
ta .
P - Tiome Lo
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2. Photogrammetric Conirol Methods.

®Straight-Line Methcd™ for low relief.

Spatial Triangulation for high relief,

The straight line method 1s an ingenjous method for bridging ele-
vations, using two adjacent and overlapving strips. It computes elevaticn
Aifferenc . by the standard parallax formula, assuming the shotcgradhs are
levsl, and reiuires an (uncontrollad) mosaic of the strips. Hener it has
only limited accurac:, theorsticully. VWork is grachicsl and comou:tation.
Stated to be usad where relief does not exceed 500 to 10 meters yer model,
and can bridze 4 to 5 medels for 1:100,000 maps, no bridge et 1:5¢,000,

It can also be used to intarpolats elavations on a single model.

Spatial Phototriangulation. Used widsly for 1:100,000 ma:s. For
1:50,000 maps only in mcuntainous arsas because distortions cause too much
error for flat country. In flat country, "Method of Continna;ion on Tteras-
omet=r® is used, Steps in Spatial Trianglation are ac follows:

(1) HMeasurs y-parallaxes in sterszomater.

(2) Computs relative srientstion, and comvart to pseudo-sbsolute
with recpect to an ardbitrary plane.

(3) Measurs x-varallaxes .nd comoute elevation:. Adjust to
control,

(4) Meanvhile, triangulate planimetric vositions using nedir
point in mountaln:, or nudir or principal soint in oniains.
Probably 2 radial line »nlot, though it doesn't sar ce. This
gives ~ir bases for step (3).
Alsc, the “lateral Traverses Msthod” is widely used for 1:100,700 seale,
This is apparertly a mosaic of 2 singls strip, holding ‘o thz centsar points
for direction.

Also, the Multiplex is used for bridging. TFrom the tenor aers

® and in other place: it ssems that there are few multipvlexes.

- - ‘a
AT S i
©oat LR S, S
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3. Planimetric and Topugsraphic Mapping

(1) Planimetry. Shcws that pictures are not maps, due Lo tilt,
scals and relief dishlacement, For plaimetric maps of flat counsry one
could rectify and ratio to horizontal control, but this is too comslex
2nd is not used. Similarly for planimetric maps in mountains on- could
rectify to an inclined plans, or sven to0 saveral such planes in -ones on
one ploto, In general, to correct for relief displacement one m .st vary
the enlargament at each elevation. The portlons couid be assembled into
2 mosaic, but this gives too many victurss. Henca, it is easisr to vary
the ratio in a projector, ani draw from the projectzd image.

This is not usunlly done on ths rectifier, rather dona with
2 projactor and pantograph. (Is there a shortage of rectifisrs?)

This sounds lile the system of laying o radial line vlot, pro-
Jecting and tracing, but drassed up with theory. ’

Also thzy have «n instrumeat similar to Vertical sketchmastar,
but the perspective rslations of the photo not maintzinadl. Stateent th.t
parallax is sliminated is not true. Instrunent is nmore comnlicat-d than
sketchmastar, orobably encier on the operator, but no batter in finetion.
Znlargement of photo is not roisible.

Small rectifying projector, ucing reduced dizpositive, also
used for sketching cperation, in conjunction with pantograph. This we
shoulid havse., Up to 4x reductisn,

(2) Topograpny at 1:50,000. TFor topogruphy, Tonogrgzﬁig‘igggggg-

ster 18 used. This is a stersomester lile the Broci (but with simj-le optic

nirrors only) but fitted with mechanical correction: to reticles end nar-

allax displacement, to corrsct for tiits. Photes remain flat, Usas conta

Approved For Release 1999/09/01 :CIA-RDP79-00202A000100070001-9
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on paper posted te gluss. (ceeass cruds) For maps of flat areas ot 1:52,900,
5 elevations necessary in =.ch model. (Hote: Fig. shows 7 roints.) Orisng
to known slevations, then cor our on the photos,

Large amount of field control lowers the :frficiency »f this.
Henc?, for 1:5C,000 maps, extra operations are undertaien, They mescure
Y-parallax and compute relative orientztion; also, use "straight Line
Method" or cthers to compute aleviitions of center voints. Hence, field
control necessary only along sides of strip. But this means C-frctosr mmst
be low. We found in 3rocl: th-.t this doesn't work -~ and the Broci 3quip-
ment is much nore precice, Probably no more than 500 ¢, and probably mere
nearly 300 C,

Also deseribzs schame for using two strips jointly with control
along side lap of evary sa=cond strip. Properly adapted this misht work
in some of our methods.

Note: suzgests mean error of pvarallax difference mea ursment
.03 mm. I do not believe this possibls with instrument describei. Impli~
cation is made that the uethod works =t 600 C, if bridging is not regquired.

The contours are drawn on the photos and corrected for tilt
and relief aslong with the planimetry. This 1s similar to some parts of
the Brock method.

(3) Relief Maps £t 1:100,000. Relief i3 based on method: of

Spatial Triansulation or Straizht Lins Method, giving a net of elevation
control, at least € on each model, plus any characteri. tic® ralief voint:,

Then contours are drawn on the prints, by internolntion batwesn elavation

contrsl points -~ really, form linss ..- not by Stereoneter,

yr
4 a.
° v
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Can later be transfarresd to a mosaic, or a mnanuscripi. Describses
stersoscopas:
)
Crclops, half a stereoscove at a 30% slant

Chomber Stersoscope: fixed base with movable mirror stereosceps
and adjustable for scale differences up to 20

Barr-Stroud topogsraphic stersoscope less often 1 ue ed, Corrects
tilts by tilting pictures on ball and gsocket joint, like rur
KEX and has reticlas above picturs plans, llke ¥EE, bub trey use
threads, and reticles iire separatad norizontally for para’lax
chanups.

Stereoscopic Drawing Instrument, Sterzoscope with half.silverasd

central mirrors, like Spurr's gadget. Photograph tables have tilt and
swing. Use a "multiplex table" for drawing. Draws in orthogonal projec-
tion.
(4) Geodetic Work. Which means ground controil, or field worl,

Low order triangulation used in mountains, and "geometric nets" (?) in
plains and open areas. “”acheometrlral“ survey in cloced areas. Elevatiocns
ars run by alidade travarses, and run up to 25 km., betwssn controi, or 15
km, from control %o a pass point.

4lso barometric leveling. Use one-base method, out to 10 to
20 laa, for 1:50,000, more for 1:100,000,

In mountains, sometimes measure vertical angles from « contral
point; and pic: horizontal distances from the radial lins plot.

Sometime=s the vurvayor takes the photcs and a stereos-ope into
the fi=1ld, and draws the contour lines -n the photos while running~ his
levels. Alsc, sometimes the planimetry is done from asrial photo: and

the contours by plane-table.

“\ ’g“,

RN R S
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c. BSmall Scale Cartography

By compilation if material exists. If not, reconncissance shotogra-
phy, using multi-lens cameras: L-lens TAFAM (U55R), or Fairchild T-3-4.

TAFAM: 1 vertical, 100 mm. F,SQO lateral field; 3 obliues,

70° £11t, 2 lateral and 1 baci vard, 170 mm F gives 56° lateral

field. States 1950 lateral field; hence almost no overlap in

chambers. Photograohs the horizon., Fly at L ., strips 320 ks
apart.

Using TAFAM, map comviled by granhic-comsutation nethod de:cribed
earlier, since rectificstion of 70 tilts too hard. If T-3.4 ig used,
vietures are rectified.

Omitted nages 228-245 apparently deseribe camera herspective, light
leoss, vignetting, lens churscteristics, calibrated foc:l length, lens

aberrations, ~nd several lensrs.
(translation is szetchy from hare on)

II. Wide ingls Objectives
Russar-1 apparently has small distortion (€.05 ma to 50°) bat very
. large curvature of fi=1ld at £/10, even though lens is rated f/©.7. Russar-
16 is very wide angle (125°) and looks good sxcapt (a) vary large field
curvature and only £/12. As of this date (1949) the later lenses

. Russar

19-26, have not resached production.

III. lerial Canmeras

MAFA Aerial Canera: Ruusair-l or Russar-19, 98 mm ¥, f/£,3, 210°

field only 104° used. Shutter spesds 1/60 to 1/180 or 1/45 to 1730, 0.9

ok
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efficient, frame size 180 mm 3q., ucing 190 mm filw in rolls 22,7 meters,
giving 150 exposures. Intervalomater worlss 10 to 120 sec. Cross wt., 80
Kg. Camera uses both vacuum, prescure and edge clamping to flatten film.
Apparently cemera hus metering trouble. 4Also, im-ce plans with fi-
ducial wark: is on m:gazine, not cone, and registraticn trouble ..rises.
Remark: ™The construction of aerial cumera: 1. iuite simpl " Later

models moved the film plene to the cona,

Topg Camera Taf--3: Two cones:

Russar-19, 98 mm F, f/€.3, 110° field only 104°% used shutter spead-
1/25 - 1/75, 90% eff. |

Tafar, 200 mm ¥, f/k.5, 63° field, shutter speeds 1/50 to 1/150, 80%
eff,

Inage frame 130 mm sg9., =lus 15 mm for statoscope, lavel, witeh and
data card. Roll size 190 mm x 50 n, ¢ives 250 vhotos. Flattening by
suction and edge clamping. Iatervalometer 5 to 110 sec. Weizht about 40
Xg.

Item: when film edge is clamped, ncedles piercs ths edge ot the film,

so that you cen tell where to cut the film in the darvroom, if nct used up.

This was the first Soviet topo camsra, and h s proved satisfactory.

Towo Cemera Tafa-2. Russar-19, 127 mm. F, f/é.}, 230 mm. s¢. inage,

P40 mn x 50 m. £ilm, 200 plotos. Shutter speeds 1/7¢ to 1/100, ¢ % eff,
Descriptions of masping instrum-nts, fragment-ry tran:lation.
Statement: Multiplax is used in UsLR only for gslablishing control

in brideging.

Approved For Release 1999/09/01 €IA-RDP79-00202A000100070001-9
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IV. Photogrenmetric Instruments

Stereogr:izh of Drobyshev. Mechanical restitution. Photos stey

horizental. lHone manufactured as of lakg,

N .
L .
. by
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APPENDIX IV

Discugsicn of Stereofotosrimmetri-re (itereorhetomraowetry) by
(”)

A, 3. Sxiridov , 1951%

26X1A5a" I

25X1A5a1

A, GZI-BAL ST TEIOHT

This boeok was not fully “ranslaied, which nodle evaluut?on 43 fTicult.
However, the chapter and section headins: were tranclated, the bookr is
profuse with figures and formilas, and some zneviledge of methods, instiru-
nente and terminclogy had alrecdy been sained from rendin 2 Ceoderiva(ip-

pendix III), Drobyshev (Avpendix V) in translation. Henmce, I feel thot

I was able to get a fairly zood understanding of ths booir.

B. CII-RAL REVIZW OF METHODS

The most importent generel methods of mapping used in U3 R esenm to
- L

be: plane-table, differentiated methods, and universal instrmesnt methoda.

All of these aprear to have major uscge. The differentiated meth d seems
to be used more than the universal, end to be the pride ¢f the Ru:cisns.
The multiplex does not seem to be used at all as a marring nethod, but
only for spatial triangulation.

The plane table we are not interected in. The universzl method is
about the same os we now it. The method of differentiated proce. sec is
similar to the Brocik methcd. It is the same.in basic concept, bul has

been extended end improved in some important repnecuu, and in a few re-

spects is not ns good. Thus we have the followinc tabuler com;ariscn of

xfg”;

[P . R
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the major methads of mapping by aerisl vhotography:

Method U.S. Turoye U.5R
Universal some najor consiizrable
Multiplex ma jor come negzlizible
Brock neglizidble ' none major
low-order some sone sone
(contour-finder)

It is ironical that the only American mapping method -- the ‘rock --
should have been neglectsd here, dut talzen over by the Russians, -nd that
one of the better Ewrcpean inventions, the Multiplex, should have been
nezlected there but taken cver by us.

The Photegrmmmetric Theory is well developed in the U.3.¢.5. The
theory is as well developed here, but the major difference seems wo be
that there is no apvlication of ths mors advanced theory here, anl the
tnowledge is not wide svread, In the U.S.S5.F. the more -.dvanced theory
is contained in this textbook, even to caelculation of higher-crier effects
and how t0 apply them 1in orientation of photos, and so ap.arently tausht
in the higher courses.

The major trends in Russinn developments seem to ba:

1. A recognition of the importance of the opticg, ond a

develovment nlong these line:z far exceeding cur own,

if the renorts on their lens=s are true,.

2. The tendency to make the corractions for crientation
mechanically, rather than by homolog cor optical mezns.

3. The use ¢f nuasricnl cormputations where we tend to
compute by 2nalog, or not to compute explicitly at all.

A major criticism is a lack of reccgnition of tne imsortance of re-
dundance, or the uss of redundance tc 2implify the computations rether
than to reduce the errors. This tendency is noticesble in Americ.n work

as well,

Lo
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C. ERUSSIAN MAPPING PROCRAM

Until about 1971 or 1951 the basic Russian map aeale hags beern 1:100,000
with 20 m. contours in flat arcac, 40 m. contours in mountaincug reglions.
In the sparsely settied, outlying orens the yublication scele is 1:102,000
and contours are 40 m., but th: planimetric accuracy requirementc nrz re-
duced to be equivalent to 1:702,000 scale. Apparently, from remaris made
later in the bool and from remarks in Geodeziya, there must have hHeen
suxiliary manving at 1:50,000, and some large gcale map;ing.

Sterting ag of now the future plan is to map the country at 1:25,000C,

with celectsd sreac filled in at sczles between 1:10,000 and 1:7,300.

D. AT ON TN TRUMSHTS

Instruments rem-in oretty much sz discursed elsewhere (Ceode:ziya and
Drobyshev) with one excevtion. The 70 mm, Hussar 72 aerial camer: lens
apvears to have come into use by this time. The ultra-wide angle multi-
plex to use the 70 mm, pictures in trianguliation apnears to be oveiladble
and used. The Stereometers do not appear to huve bezn adapted for 70 mm,
yet: they are constructed for 107 mm. photos, with a minimum seitins of
00 mm., Skiridov glves correction formulas for using the existing stere-
ometers Qith 70 rm. photos. 4lso, the photo scales for the smnlisr scale
maps have been incrensed. Teodeziya gives vhote secale cf 1:50,00C for
meps =t 1:100,700, and 1:3C,000 for maps at 1:50,000. &iiridov ¢ives
ranges 1:55,000 - 1:75,000 and 1:30,900 - 1:40,000 recvectively. In ezch
case the upper end of Skiridov's ranges would correspcend to flying at the

same height but usins 2 70 mm. lens instead of 100 nn,
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i

L I X

. Approved For Release 1999/09/01 : CIA-RDP79-00202A000100070001-9

S

Also, Skiridov describes és a separate type of instrument, wiich we
will cnll Generalized Instruments, certain particularly Tussian lastru-
ments., These employ the Russian mechanical corrections for orientation,
but perform the functionsg of the Universal type instruments. Thev seem
to be either the belter sterecmeters with pantograph arrangements for

changing projection, or a crocs between a sterecscope and the mulsiplex.

E. PROCZDUNES T CRIB-D BY nKIRIDOV

A, TFor Horizontal Control
1. Ground triangulaticn
2, Ground traverge
3. Spatial triangulation, by
a., Univergal Instruments
b. Stereometer
c. Multiplex
d. TeNIIGAir (differentiated procecs)
e. Undistcrted Model
f. Sterec-nhototheodolite (Brief)
g. Mechanical triangalator (Brief
L, Astroncmical Stations
5., Radic Distance lMethods.
Note: no mention is mzde here of our radial-line method, and apparently
it is not used. Gecdeziva mentions also, and lays streess on, sprtial tri-
angulation by mensurement of coordin:tes on stereccomparator and numerical

computation. fThis is vrobably the methed of TsNIIGAIE. Txcept for Zxtencion

Approved For Release 1999/09/01 : ¢4A-RDP79-00202A000100070001-9
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on Stereometer, all hcrizontal control methods used determine elsvations
as well. ZExtension or Sterecmeter rejuires 2 line of lavels down every
second side-overlap, but ther it can detsrmine elevations nt the cther

points.

B, TFor Vertical Control

1. Ground leveling

Z. Barometric leveling

3. Straight-line method (most important)

L. Methods of Spatisl Triengulation. See note above.
Note: Sometimes the straight line method is used to get the linc of
levels required for ®xtznsion on Stereometer, and this then becones a
complete bridging method., This is not accurate enosugh for lerge-gcals

work,

C. PFor Auxiliazry Control
1. Statoscope
2, Horizon Canera
- 3. Radio Altimeter
etc.

Note: Ixtent of use wnknown.

D. Other methcds -~ for contcuring, olanimetry, orientavion, etc., are
much like ours in the corresvonding srocesses. There ere some di’ferences,
but there is no point in going into this jin detail, (use Cecdezivya for

the Differentiated Processes Method.) Also, non-linear intervola.iom is

used when contourg are interpolated from a few elevaticns,

g

Approved For Release 1999/09/01 : ©IA-RDP79-00202A000100070001-9



e Y
Ayl T ,u“ :
Approved For Release 1999/09/01 : CIA- R[§P79 00202A000100070001-9

Y

F. COUERAL NOTHS

The Method of Differentiated Proces.es uses a 609 C-Tactor. ‘thether
this is equivalent to our type of C-factor or not is unknown, sin-e the

accuracy of the contours (50% or 90%) is not stated. The Photo sSaales

used are:
Map Scale Photo Scale
1:5,000 1:7,500 - 1:10,000
10,000 15,000 - 17,500
25,000 | 17,000 - 20,000
50,000 30,000 - 40,000
100,000 55,000 -« 75,000

The straight line method is said to determine elevitions to aa accuracy
of H/700 to H/1100, This depends on measuring long lines to nn azcuracy
of .03 m. to .05 mm. I doubt that the instruments and materials deseribed
can give thst ruch accuracy.

Yuch mention is mnade of bridging, and it apparently is used extensive-
1y, but no experimsntal detarminations of accurscy rre given.,

Accuracy of contouring by three nethods was determinsd by a field test
in 1645, Height error was related to average slope of terrsin, with the
following results:

Let a be average terrain slove, m be standard error

in meters, Then:

Plans Table: m = 0,0 15.0 tan a
Stereometer: m= 1.3 4,4 ton &
Stereoplanigrarh: m = 0.8 1.2 tan a
NS %
KAl i
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Test was made on & 1::5,000 cezle, 5 m. contour mnay.

The Russar-25 lens used in the ultra-wide angle multiplex is said to
heve T = 20 mm., £/10, 122° field, resoluticn cf 100 1/mm. at center,
60 l/mm. at edge. Zvery effort should be made to secure either sn actual

lens or the drawings for the Russar-72, 70 mm, lens and the Russar -5,

20 mm. lens.

)
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APPZIDIX V
ANALYSIS COF SOVIZT PHOTOGRAMMETRIC INSTRUZNTS
Based on Information Contaired in a Book by
F. V. Drobtyshev,
n (11

"Fotogramnetricheskiye Pribory i Instrumentovedenive

(Photogrommetric Avparstus and Instrumentation)
1951

I 2oxiasar

I. General Analysis

A review of Sovist photogrammetric instruments, based upon da.cripe
tions in the textbool, "Photcgremmetric Inctruments and Ingtrumentclogy”
by F. V. Drobyshev, Moscow, 1¢51, is generally disarpointing fror z tech-
nical point of view. No new rrincinlaes are disclosed, and the solutions
which have heen selected for dsveloprient into working mcdels seem 1o be
more co;plicated and less direct than those employed in western Z:rope and
the United States,

The mechanical and optical precision expected in Soviet inst~ument
design is apparently somewhat lower than in western “urove. The Lextbool
specifies that photograph’c image positions must be detarmined wishin
£ 0,02 to 0,05 mm, Both Wild (Swiss) and Jeiss (Cormern) reruire .01 mm
in their vrecice instruments; ‘wltiplex and Kelsh plottars used i, the
Tnited States give appr xim tely €.10 and 0.07 mn. resvectively. Fur-
thermore, no mention i3 made of correction: for residual lens distortions;

western Zurove manufacturer: h.uwve ziven much thousght 4o this rrobliern, and

Cq
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some method ¢f correction is incorporated in each of the vrecise instru-

: ments. Another indicaticn of yrecicion is found in the size of he mee-
suring marks., The Russian instrument designe call for marks of .15 to
. 0,20 mm, in diameter; Wild specifies 0,04 mm (45) and 2.02 mm. (.7 and

Ead

Russians seem to have deen ahand of de-

W

A8). One instmnce ia which th
velopments in wegtern Xurswe is the wse of luminous mensuring marks of
various colors. These were at introduced by Zeiss until the lodel C-7

Stereonlanigraph about 1948, They hive still not been acceptad y Wild

- '

1

and 3anteni (Italinn). UYhe Tussion: use them evea im the sirnler instruwieats.
The lowsr pracision znd the difT2rant amohasis in instraient legien

nay probably bz attributed to the fact that the Sovies: problen hes been

:,
L‘

largely the warping of axteasive arsis at sc of 1:50,000 and 1:100,000

L 4 and smaller, 1In wastern luroue the trend has baen tow.rds much larger
gcale mapping with a conszjuent inerease in precisicn rejuirsment.,

No credit is givan nnywhere in %he book to any manufacturer . oho-

‘v-
¢ D

togrammetric instrumeals eutside of the U.S.9.1R. A nnnbag of the instru-
menits describ-d are exacily tha saus as Zeiss designs. It is moss orohabin
that the descriptions are of the Zel:ss instrments themselves. 12 not,
the instrugents are dirsct copies cf the Zeiss vpreducts,

This applies specifically to the following devices:

Smell phote rectifi=r PN

Large photo rectifier 7B

orizontal sterevcomnarator

Radinld trisazulator

Stereoplaniorioh Calt
None of the other western ZJurovean dszisns has been ~doptad.  Und:ubtedl:
the reason for this is that the Zeics factory in Jena, termnony, i now

* under Scviet control. CThe ranliizution of space rays by nechanie:l rode,
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successfully employed by Wild and Santoni, has not been used, although it

is mentioned brisfly as a noscible solution.

o

A mors detailed analysis of the diffzreant types of inctruments follows.

Five different instruments are describad. The Jirst two of these
are nerzly enlargins and reducing projectors having.no wrovision Jor tilt-
ing. Automutic focus is obtained in the first instrausat by me:ns of a
rhomblc inverter ~nd in the second by a cam and follower. Boia 1-~e extrem:-
ly large instruments with limited annlications.

The third instrunent is a true rectifier but hus 2 very iimited
range. The adjustment of foe~l distances is chtained Ly & soiral cam con-
troiled by & fool disc, This solution undoubtedly dosu the job, ut tar:
un a great denl »f roon,

The fourth -nd fifth instrumsnts deceribad are direct coiiss of
the Zeics smail rectifier, SEG IV, and largé recfifier, SEG 1.

Nothing comparabls to the Bausch snd Lombd fuily auwtom.tic rec-

tifier 1s describad

LAl

<., Stereocomparators
Two stersocomperators are described. The firut is exacily the

same ag the Pulfrich-Zeics ctereccomparator, no longz=r eaufactur-d.

In the second instrua=nt the plane of the vh:tographs ha: been
tilted to nake observations more convanient for n seated opernior, Also

the lezst reading has been reduced from 0.02 to 0,01 mua.

w

‘\-,;o' 5 R ‘

Y
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Stereoconpurators were uriginilly developed for worl: with toerresirini
photographs. Thelr have never been in favor in this country and iave becn
largely replaced by semi-autonatic plotting instrumenis in west “uarosean
countries,

They are used orimarily [or obtaining coordinate measuremen’: for
analytiéal metheds, for enalytical radial triangulatioa, and for nun-
cartographic asplications such as astronomic:l mexsurenents.

At precent, Nisiri in Itnly and the Canbridge Instrunment Coupany in
Zn;land monufncture stereocomparators. The orecision of measurerent in
each of these instruwmente, 0,0l mm, is the same ac th-t claimed for Lhe
Russian device, although ths uystem wused for obteining these voluss is
differsnt in ecch ¢f the three, In the Russian instrulent fuil length

glass scules read by means of 2 mechanicnl nicromater are wsed, Uistri

]

d superi rosed on the phetogrash in the nlate holders;

fte

uzes § precise gr

o

¢

coordinates in ench grid sjuare are read by means of a spiral micrumater,
The 3riitish instrunent usss a calibrated grid imposed ca the photographs
in the camera when thz 2xvosure is mode; coordinztes in esch grid souare

ars read by a micrometer drun. This automatically co. ensates for film

sariniage, etc. Beth the Italizn ~nd the British instruments hav: full
eircle rotation .f th: plate holders mating tham adantable for raiinl

trizagulatioa. This feature i:s ~ppareantly not nrovided on the Ruisian

It is stated that the collimation system of obs>rvition was wralied
by Drobyshev seven yenrs befors it wes ndopted in for=ign countri::, This
ig doubtful since Pulfrich used the rriancirle in the firet Zei:s iterso-

comparator built in 1901.

£
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3. Sterzopantonster chbyshev
This instrumznt performs the same Tunctlon as thz Abram; Contour
Finder, the Fairchild stareocomperagrapn, the Zeiss Stereotor, the Nistri
Stersographometer, or any combination of mirror stereo:icore znd arallax
bar. The Ruczizn ond Zeise inctrument: move the rhotogranhs with resvect
to stationary meacuring marks and starsoscopre; the othars nove the sterwo-
scope ond mariks with respect to stetionary photogrenhs. So far s reawits
are concerned; one system is 2s good as the other, The first re wlts in
o nore cormact dut more complicated instrumant; the ;econd is sirgcler and
cheaper to construct, The Zuscian device introduces a luminous Floating
mari:, probably a needless refinement in such an insirunent, WNis'ri has
an zttzchment for producing an orthographic projeetisn -t constant scale.
The latzst model of the Zeiss hns s device for approxinntely correcting

the effects of gmall tilts.

L4, Stereometer Tyve Instruments

The three stereoneter instrumecnts describsd illustrate “h: re-
sults of a purely nationalistiec develovment. Yo comparable instruments
are produced in this country or in wastern Europe. All three de:igns are
an exteasion of the orinciple Sf the stereocomparator bosed wpon two
premises:

1. Both photograrhs will be maintsined in the same »lane

regardleszs of tiits which may have existed at the time

of exposure,

2. Thne line of sight of the cptical viewinz system will
be wept pverpendicular to the plane of the photogranks.

When tilted photograshs are observed under these conditions, the sbserved

valusc of horirzontal (x or neight) parallaxes and vertical (y or orientatinn)
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parallaxes will be in error. In order {0 correct the:e observed values

the photographs must be moved in the x direction, in the y direction, and
about a vertical axis not necassarity colnciding with the camera oxis.
Thes2 corrzctions ars annlied by ingenious mechanieal davices which suto-
matically introduce the »ejuired motion:. In order to 2en thas: devic:s
simole, certajn assuwapticns nre rade -- primarily tant the $ilts do not
exc2ed thres degrees. The settingzs of the correction devices ar: functions
of the normnl oriantation =2lements,

A comclete solution by this system would retuire three corr-:ction
devices on euxch photogragph, apparently such an instrument has not yet
baen constructed. The three instromsnts described :iéa only a w-rtial
solution, and Turther operations with the photographs ars rejuired in
order to obtain complete mzp information from then. The instrum: a%s un-
doubtedly perform the function for which they wers designed, but in view
of the limited information obiained From then, they seex to cffer na
advantages over the instrumsnts in w-e in the west, They are not adsit-
able for extension of control by bridging methods, and based on the sin-
plicity principle, it is soubtful thot o high degrze of accuracy could
be attained,

a&. Topograshic Stereomatar of Drobyshev
The end »roduct of this ingtrument i elevaticns of ~2round
points =nd or comtour lines drawn by hand directly upon =nrectifi:d vho-
togravhs., In this respect it is roughly comparable to the Zeigs itersoton
or the Brock utarsometer, excent that rectified vhetographs are wied in
the Brocl instrwment, 411 of the:e deviees aré subjact to the 1i itation

that =2¢h contour lines is at a different scale,

o < . s i
PR
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b. stercomater of Irobyshev
This instrusant is o laresr and more vracice moda: of the
Towosrarie stereomesar., It ig adavtad to use either slnss »late: 11lwmi -
nate:l from belaw or onver nlatan illwnin-ted from ob-ve. The ¥ orrallaxes

are measurad and the ienst readings of the correction dovicez are smaller

e

80 that mors pracise values of the orientation 2lements nre obteired, Con.
towr linee ore drown by o vencil attached direcily to the instrum nt rathar
than by hond.
’ c. kern Jiereometer (Skiridov)

This instrumen! is de.igned solely to determine tre alement s

of relative orientation of a ztereou:ir by elimination of the vy sornllaxes
at five ncint:., Zlevations of contour linas are not determined,
d. Instruments of Jirect Optic:l Intersection
oy, - -~ - o -
These nre nrujection tyne lastruments soerating ecsentinlly

az¢ the ‘mltiole: and selch nlottere. senin no new

O
B3
oy
jax
[\
6]
g
<
o
2]
e
o}
[¢]
Ca
9
o

principles are disclos

[$4)

d, bat several interesting innov:tio.y qre lescrivad.
It is stated that sterso.conic vision is obtainad by the ase of nciarized
projectors and spacinclaes. Jariern 2xo2rimente vith this syustsm h:ve not
baen cuccessful,
5. Projectors
a., Uouble Projector of TalIINAilk (Drotvychev)

This Iinstruasnt wag avvarently designad orim ~iiv or re-
searcih in various merxnu of vievins the steresrconic modal. 1% offir: a cow
rect solution but e drowboe:r for sractical sonlication. Veriatioo batweern

i

camera and vrojector feenl langths nad plale sizes rasults dn 4i1fZr rant

_—
AN
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scales for horizontal and vertical mazsuresents. Atsolute orientation is
obtninad by tilting the base table wiaich could make drawing inco:venisnt,

The two zrojector inctrumsnts cannst be usad for bridging,

b. Double Projector DPD-? of Drob shev

The instrument i, designed fer producing large scnle topo-
grashic mops from contact dizuvositivac., fThe projector: 2re disvosad in
a horizontal nosition and the relative orientation is performzd Yy intro-
ducing rotations to mirrcrs viacsd in front of the objectiver., £ similer
scheme wes used in a German instrunent desigred by Gascer in 191f. Abso-
lute orientation is still cbtoined by tiltins the drowing table with re-
spect to the fixed vrojsctors. i

The model mary be viewed eithaer by the an~ilyph orinciple or
by means 6f the bliakinz methed. At orasent only Nistri apvliss the
blining method in e »roduction instrument. Zxperiments hove been con-
ducted in this country but there is no unaninous preference for ciae method
over tha other,

In end product ths inastrument is comparabla to the ¥..lgh

plotter, but in conutruction ~nd onsration 1t is much more comslonted,

6. Zoviet Miltiplex
In photogrommstric pripcinles and operation this inctrument is
exactly the same as the instruients vroduced by Bausch ~nd Lowb, Qilliamror,
and cthers,
Optically, the ultra-vide un-le coverage, 1ﬁ2J, ~nd the use of
aspherical condenser lences ara of great intersst. A distoriion fvyee

objective ¢f this sngulsr coverasa »nd the specified recclving pcvar of

e .

T AN
1\
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60 lires mer millimater does nct exist in western insirmientc., T¢ be
significent tinis lens must be comslemented with a4 corera objective of

edual angular coverage. It has not been found vractical to navs  roducs

7. Instrumeats of Uptieczl-lechonicol Intersecticn
There ore meny different selutions woscibls jn this cet wury.
Those selected by the Soviets for cevelerment into woriing rcdel: =re the
same s those used in Vestern instrurent:=. In Furcuit of th: rnaciomnl

trend towards izeping the rhosocraphs co-vlanar, a cysten Io describad in

which existing vhoto tilts nre introduced by providing ¢n ~djusteble Jjeint
in the cpace rods. 4 similar cystem was deccribed in “wigs vaterts P5LO5¢

ant 262481 by H. Wild in 1948, but no instrument using this schere hasg

been built. .

a. bStereo Universal of “kiridov
This instrument, >ike the Lern Stereometor of the san= designer,

cerveg solely to determine the elements of relotive orisntation of two
vhotogrophs by elimination of p=rallax in five points. In this instru-
ment the vhotographs ~re tilted, while in the stereometer instrarant the
arallaxes are corrected with the zhoetographs maintained co-nlanac, The
use made of this limited information is not deserilted. It is probsble

that it is used for the settingzs of cther instrwments in which th: photo.
graphs are actually »lotted. Another nossible use iz to cid in doterm-
ining the positions of nadir points and isceenters, after which the Tho-

togrephs may bs used in redisl trisngulation with resulte equel to those

obteined in space triangsulsation,
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b. Radial Triangulator
The illustraticn, @iamgram of optical syster., and description

are precizely applicutle to thz Zeiss radial triangulatcer.

c. Stereoplanigrorh 5 P B and C-4 (¥onshin)
The C-L geems to be & description of the Zeijes Stereculani-
gravh C-4, while the S P R 1s the cSoviet copy of the same instrum-nt.
The vhotogravh of the instrument, the diasrame of the nmechenical --nd op-
tical cystems show only minor Jiscrevancies from the Zeiss, However, the
Soviet model doss employ luminous messuring marks, not incorporat:d Ly

Zeigg until the mcd=1l C7.

d. uterscccovic Universsl Instrument RP-£ (Koashin)

Thie instripent is an attemrt to reduce ths comulexity of
the stereoplanigraph to speed up may compilation, It is not = universal
instrument =t th2 term is understocd here, since it i« adapt=ble for use
only with near vertical aerial photograpis.

1n principle the instrument is-a combiration of a ¥ I K Plcttar
and & vertical sketchmaster. The photographs are oriented in svece by
mesns of angular and directional moticns. The elsments of relative ori-
entation obtained in the ster=o Univarsal apd ¥ern Ctereometer o1 Skiridov
are probably used for this purpose. The mirror stereo:cope allows view-
jine of thz entire model at once. Half silvered mirrors £ive tne impres-
sion of the model vrojected unon the drawing table. Plenimetry #nd contours
are drawn by hand on this “rojected model. The instrument could n.t be

expectzd to give a high order cf accuracy.

'.l
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APPENDIX VI

COMPARISON OF ACCURACY OF MAPPING FROCZES
IN THE U...S.R. AND USA

I 25X1A5a"

Desnite the criticism given to the C-factor, it is & useful me-sure
of cormarstive manping nrocess efficiency provided, in makirng comrarisons,
thet

(2) equivzlent measure. of contour accuracy are usad,

(b) the vertical accurscy rejuirement is controlline, and

(¢) physical conditions of use (referring to terr:in and
atmosgvhare) are similar,

As a practical measure, if the-e conditions are observed, the C-fuctor
shows avcroximstely how much map is cbtained for a given effort, including
not only the physical differences between maoving vrecesses but aiso the
effects of varying and not meesurable facters such &as personnel efficiency,
haze, meterials corntrel, etc. As a technical measure, apolied to come
theoretically perfect cr standard conditions, the C-factor mersur:s the
potentlal vertical informntion content of the photugrah when the informa-
tion is ‘o be used by the process under congideration. In additliorn, when
applied =s 2 technical mensure the C-factor is strictly ejuivalent to
other incomplate technical me:isures such as vprecision of parallax measurs-
ment, contouring "spread", etc. Suporior overall measures can be cbtained
only by more intensive orocess annlycis than has yet been reduced to practice.
We will use the C-factcr as a buasis of comparison of Soviet ud

American mapping processa2z, on the basis of the limited inform:ticn available.
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Considering the conditions for comparability stated above in reverse
order,

(¢) we can asiume that the conditions of use are :imilar, zince
the fiyjures to be compared refer to averare vractice over
the years srd ovar the wholes of the two countries, and
there =re n¢ outstanding physiograchic di:similarities be-

tween them,

(b) we will compare for _arge sczle maps, where the verticel
accuracy is controlling,

(2) we must exmnmine the Loviet map specificaticas relating to
contcurs and attemnt to deitermine what an ejuivalent cor-
tour interval would be according to Americ-n cpecificztions,

Skiridov states (p. 300) that for terrain slopes of less then 20, the
maximum errcr shall be 1/3 contour interval; for terrain slopes of 2° to
6° the maximum error shall be 2/3 contour interval; for 1:25,000 naps.
The juection is, whnt does "maximum error' mean? Thi:z is usu:lly, in
America, taken to mean the ’Qﬂi“ error -- not morz than 6 of the points
are to exczed the limit,

The Awmerican standard for contour accuracy is thet 0% of the points
are to be within 1/2 contcur intervel., The ratio of "QS%“ error to "ook®
errcr is 1.2, Applying the frctors to land of less than 2° glove (which
we will use for our compazrison), for the same accuracy the contcur inter-
val on the Soviet ctandard is

1.2 x Y2 o+ 13 = 1.8
tim2g the comparable American standard contour intervai,

Skiridov states (p. 94) that the maxinum thecretical C-facter (U.S.:
ig 600 for large scale mans and 1:295,000 maps in flat ~reac, =nd that asc-
tual C-factore -re lower, .Anuly-is Qf the photo cenle.. used (p. 04 and

later) and focal lengths s given later in the same chapter indicates

+
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actual C-factcre of 300 to 400 (U.5.:.R.), in flat country at 1:310,000 ¢nd
1:25,000 maps, Converting these to American C-factors by use of the factor
1,8, we have for the U...:Z.3.:

Theoreticzl maximum C-factor: 1080
practical average C-factor: 540 to 720

These refer to mapping by stereoplanigraph and by the Method of Differer-
tiated Procecsses.

Comparable meth-dc in irerica huve the following C-factors

Stereovlanigraph Multiplex helch

and Brock
Theoretical HMaximum 2000 ’ 1200 400
Average practice 1250 -~ 15C0 600 -~ BCO 1000

Thus, it appears that the average Soviet methods, as used, are abcut com-
parcble to Multiplex work, and considerebly less accurate than the best
Americen methedy. It is believed that the chief causce of the lower ac-
curacy in Russian work, if it exists, lies in the rhotogravhie miterials,
since
(a) the permi:sible errcr in contouring is cnly 1.3 timés the
precision. cf primary varallax measurement on the photograph,
according to Skiridev, and
(b) tclerances »n distortion of photographic materials, as
stated in "Geodeviym', is considerably greater than American
tolerances.

It is prcbable thet the ulanimetric accuracy is comparable to Americin

practice.

o,
»

d
oy
Vet
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APPXHDIX VII

’ THE STRAIGHT LIN: HEVHCD OF THE »OVIETS

The following translation has been selected for inclusion in this
technicsal vaper for inree reacons; namely, bscause {1) the nmsthcd described
is one of the more original 3cviet metheds 2nd (<) the method is n illus-
tration of the relationship of Soviet photogrammetric methods to the spe-
cific and peculiar needs of that mation'and (3) the methsd m;ght be of
gome intersst to those individwals intersasted in vhotosrammetric reconnais-~
sance in this country.

Tha original oaper may be found in the rez"gs(ﬁ&%a‘: ok, Geodexliyn,

2B AEg fharter L, op. 210 - 14 dat=d 1949,

The "straight line® method of Romanovskly, U.S.5.7., is based on the
theorem thot for any straipnt lina lying in the object space shotouravhed
there corresponds n straizht line on the photogruvh. And inversely, thet
for n straisht line un the ph togrz-,ph thare can corraspond any 1liane on the
land, vrovided a vlan2 can contain this line und the perspectlvs centar,
In this case, such a line would not be i a:ed =s a stir-icsht line -n the
adjecent photograph, except wien all its woints lle in the cams basal
pl&né, cr when 1t is actually a straight line.

Let us éu_ppo:se, that thrae woints bave been selectisd on tha left
photograph, lying on .ne straight lins: Ays bl and €y to these -zints

\

corregyond three points on the land: A, 3 and C (Fi-. 157).
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Flg. 157

I all three poilats i, B and C do nut lie in tha slane contrining
both nerzvective centers, (do not lie in the :ame basal plana) or azre not
located on the same spatinl straight line, it is imjossible to defina a
rlans through these thres points wnd throwsh the second {right) parsisc-
tive csater of projection. Tharefore imases of these three noints a,

b, aad ¢, would not bs locutad on one straight line.

2 2

When we draw z stralcht line {aroush poiats a, and b?. the daviation

2
of the point ¢, from this line is beciuse of the elevation of the point C
on the land abova the linm connecting A and B. To prove this we iraw &

straight line through points A and B, and produce it untlil it intirsects

at ¢! with the persusctive ray Slcl' Az ground peints A, B andl C*! are
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loeastad on one spatial straigat 1ine, their images a,, b, and <) oa the
right photogrash would also be located on one straight line.
The elevation of ths poiai C! above point A can be easily det2rrined

from the rignt triangle (Fig. 158), when the =2levaticn »f the peirt B

abova the point 4 and the distnnces AB znd AC' are lcnown., Then

(11)

hc'_Ath-Aif ’

vhers Dl ig the distance AB, and Dzlis the distance AC'.

As the point © deoas not lie on the spatial straight line B, the
point Cy doas not coincide with the point ci. In other words the devia-
tion of the point c¢' from ths= atraight line azbzcé occurs as a coiseluence

of the alevation of the point T above the point C' and is expressad by the

formula:
H 1
h = —S=ppC (12)
’ c-C P P -
wharsa Hc' is the altitude of the air base abuve the woint C', b is the

photo base above the ooint C on the scale of the survey, and apc 1z the

difference in % parallax.

Fig. 158

The refore the elevation of the point C above the point A is determined

by the formula:

o s -
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D, H,
R Ty 3.t TORC 1)

Determination of the alevation ¢f the pcint C by formule (13} is in-
conveniant, as ceveral values remain unitnown {ec. D 1 D ) Tharz ore this

formila ic transformed inlo a different one namely:

) . . .
b2 (14)

A, = A + + &,
C .A. l + ((_\ - 1) .B—J‘ Bfkoln 4
A

In this formula AC is the elevution »f the point C; AA iz th: =leva-
tion of the paint A; HA is the elevation of the camerz station above the
vlane, conitaining A, Hc and Hé ~ are the heights of the flight line abov=
the olanes, containing ooints C and C' resvectively; B i- tha air bese -
¢’ ig the angle batween the streight line and the imass »f the air base,
fp is the length of the persendicilar from the point €, onto the traight

line a?bQC{

'\)

Expression Q is determined by the ratio:

p-! "
N
-

~~~
—
R
Sss”

Q:

[

where d, is the distance a,c, and d, is the distance a.b,.
2 171 1 171
_ Formula (14) c=n de xiven in a more coaveniant form for caleuiation:

HrAP
A = A N
Ao =AY Wy L YT ¥+ op - &hy - ahg (16)

whers AhH and Ah, are the corrective terms computed aceording to the fol-
: <

lowing formulas:
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odn!
_eony ¥ b yhg,

- AhH = H »

A

n?. g

Aho.-_(q_l)__ﬁli-.a_

A

(17)

The method of successive approximations is used, computing ‘ir:t the
basic exprsssion (14) or (16), and then the corrections and repecting when
there ig significant relief.

Therefore the ctraight line methcd makes 1t nossible, given the ele-
vations of two points cn the left “hotograph, to calculate the elevation
of the third point, locatsd on the straight line throush the firct two.
This solation can be axtendzd throush succzeding air-photograshs and this
vermits a significunt reduction in the number of vartieal control pointe,

When this method is used the pr.cedurs is as foilows: Two zdjacent
strips are taken, and careful’y assembled. On one o the strips, in the
zone of the side overlau, a siraight line is drawn betwzen two noints
whose 2levations are known. The straight line between theue vwoints is
produced and noints are marked in the area of the trinle overiav, on this
straight line; these points must be marked and are then identifiesi on the
contact print of the udjacent strip. It is necessary that thase .cints
be imaged in the triple overlsn of the adjnacent strip; otherwise, sther
Points must be selectad. ‘The first eilr-photographs of both strip; are
put in a stereocomparator or in a topographic stereoscone ~nd are oriented
in suech way that the straisht line, passing through thrse points .f one
photbgraph and two roints of the other photograph, will coincide with the

Y axis of the apparatus.
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Suncessive fusion of the floating; marks of the stereorhotogruwaetrical
arvaratus with identical points of both photosraphs enobles the dilference
of the parallax of the third point in resvect to the first twe, shich
are fuced with the Y axis of the instrumant, to be measursd. The first
point (Figz. 159) has a lniwn elevétion, and the zlevation of the sacond

one is deduced according to the relief of the terrain.

,I :‘Pa L‘S VLJ7
i, :
1
l|_'2_ 3 14 :5 § b g g
- ! R
"G REESIRE
DN ~
Fig. 159

The retio O is comjuted from formula (15), from the mean mea wrements
of the distances dl and d2 fpom the Tirst point to the sacond ané third
points on botn vhotograpns. The values b and H are deternined from the
horizontal radial line plot by the rtiog:

£ 1

= —— A 180N
HA f 1 uh)‘x ’ ( 18 ’
‘D.,l:f ’
b = -,-jf-—"i , (193
“A

where 2 is the distance betwe=n any two peinbs of the same elesvation, on

different sides of the vnrincival point and gpproximately at equa. distances
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from it; k is the d=nominator of the scale of the r.di-l line =10t El'

is the distance between the same points on the airphotograph (Fi.-. 180);

o
0.4, & v g
///
: c
Fig. 160 Pig., 161

4

AhA is the elevation of the first ooint abovs thea vlans contzining
the distance fl; bl is the diutance betws2n the principal wnoints of the
photographs on the radial line plot. Better results are obtzined if bl
is measured betwsen tae nadir points, but to do this it is necess:ry first
to determine the elements of relative orientation. When the differences
of elevation of the woints on the straight line is small, it isc sufficient
to use the distance betwz2en the principal points,

The anrcle 4’(?1;. 161) from eiustion (16) can be mensured wish &
vrotraector.

It is difficult to g2t the nhotezrarhs in such o way in the :terso-
scope that the first two points appear to be exactly along the Y sxie of
the instrument; and this is not usually accomnlished. Instead, avter
malking measuremsnts of diiferences of X parallax between the second 2nd
third points and the first one, a computation is made to bring th:e Aiffer-

ence of parallax of the second vwoint to zero using the sxopression
apy = A'py - GA'p, , (20)

Where A'pB and A'p? are the meuasursd differences of par~llax of the seo-

ond and third points, nnd Ap3 is the value for woint 3 which would have
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been meacured if the first two points had exicily coincidad with the T
axis of tha instrument.

When ‘he 2levation of the third woint is determined, the secend air-
rhotozraphs of both strips are gset up in thes instrument in.a similar way.
On the:ze vhotogriphs two points nre plotted, whose elevations nre 'inown,
and a fourth point, whose elevition is unxnown. Similar measuremonts are
nade as before and wita the aid of formula.(lﬁ) the elevetion of ths fourth
soint is determined. Thase oparations rre repeated for all othar airpho-
togravhs of both strips, including th= last ones, on which the la.t point
of the straight line has & lncwn elevation. The difference betwscn the
Ynown elevation of the last voint and that determined by the straisht
line mathod, maise it possible to detemmine the error, which was sde Dy
the somswhat arbitrary determinstion of the elevation of the second point.
A correciion is then mads to all the elevations determined of poiuts lo=-
cated along the straight line by the exaression

dh L,
bh, = —& 1 . (1)

i L
n

whers 6hi - is the corrsctiocn in elevation of a certain point ij
bhn - is the differsnce between the Fnown and determined elevations
of the last point on the straight line;

Liand.Ln — are the distanc:s from the initial point of the straizht line

’

to the point 1 and to the last point.

Certainly such a method of adjustment is only apvroximate ard does
not tale in coavideration systzmatic =rrore (sg. th:se vroduced Ly the
distortion of the surveying i-nses) in the m2agursnent of differences of

X varallaxes. Tharefore, a diagram is usunlly coastructed based on an
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analysis of the method vhen a sufficient number of “n.wn elevati.ns are
used and the character of the accumulation of errors is determin-d. On
the strength »f this diagram, corrections may be introduced in 1: ter
overations.

+

The straight line method is apslied in regions with small d:fference

of elevations (on the averazze no nors then 50 -« 100 m., ¢n & sterccrairy,

¥her there are grezter differcnces ot elevotion points are selected which
appear to lie arproximetely ai the some elevation, ¥er the scaie of
1:100,000, distances bebtwsen ‘erminal yoinbs equzl to 4 - 5 bucen are
permitted. TFor the scale of 1:50,000, determination of elevatiors by tke
stralght line nmethod is ususlly limited to one stersopair, aﬂd thken noct

in the side overlap, The cccurscr of elevations by the atraisht line

method je determined by the forrmula:

o) n® + 1% + 2p
c :E\/ =3 - (22)

where & 1s the error ¢f one transmiscion end n is the number of tronsmis—
siona. The error ¢f one transmission uwsuaily denends cn the accuracy of

the determination cf the difference in X parullax, snd thersfore:

=8 Y
6 - b d » (‘3)

»
where 6p &t the present time can be accspted as equal to + 0.05 mn,
The sine rulers of Drobyshev are cften used for deterﬁining nlevation:
by the straight line method., These give a sufficiently awcecuract result
and are very simple.
These rvlers (Fig. 162) consist of two glass plates, each having an

opaque line down their centers. One nlate is rectangular, and th other

has cne edge cut at an =ncle of 60. To determine the difference of X

LI

~
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A'_A._.,

Fig. 162

paralldx by the straight line rethod, the airphetogranhs zre ndjisted under
a stereosccope and the rectanzilar gl.ss plate is locat=d on one «f the
vhotograshs in such & way, thit all three pointe lie under the cpalve line,
The line of the secoend plate is laid over the two initiel points of the
second cirphotograsti. One secs therofore cne epaticl Iine, combined with
the two initizal pcints. As the third point does not coincide with this
line zt this stage {(does nct iie on the same svatial straight lire), it

is necegsary to shift the sine raler in a directicn rersandicular to the
line. For this vurrose a meinllic scale with millimeter divisicrs is

layed along the sloved ede of the sine ruler. The sc-.le reading on the
scale oprosite the edge o sine ruler is recorded. Nov the sine muler is
moved along tha metnllic scnle until the third voint ceincides wi'n the
spatiﬁl line. The numbsr of millimeters on the metzllic scile, nissed
during thig shifting are counted. This number, divided Dy 10 and multi-
nlied by sin ° sives the vilue of the difference inX nursllex.

In many coses these rulers can elso be used for the messurem:nt of

o
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the difference of X parallax of nHoi tnts rot located on cre straicht line.
For this purpose two sine rulers and two metallic scoles are used.

In this vrocedure the sir~hotooraphs are oriented long the wr¢n01nel
point bese line, and the lines of the sine rulers are fused with ! identicel
images on the airphotographs, ..t vesitions perpendicular to the nrincipal
voint base line. The metellic scales are then placed along tha =ioped
lines of sine ruler. One ci the rulers is monocularly shifted so oo to
coincide with a second point. Tais shifting ig measured on the m:itallilc
scale. After this, the second sine ruler is sterecccorically Tusqd with
the imnre of the second voint on the ¢:scend photograzsh.

The difference of bho*h skiftings, divided by 10, ¢nd raiiinlied by
Sin (0 i egqual to the diference of x parallax between the first -oint

and the second one.
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